Most of the time, we perform visual tasks in familiar environments that are replete with motivationally salient, but currently irrelevant, objects. Motivationally salient objects are items for which we have had prior rewarding or punishing experiences. As a result, we are potentially able to predict the value of interacting with them. The question we addressed in the present study was whether irrelevant, but motivationally salient, objects can influence rapid, reflexive visual orienting. Recent neurobiological research has shown that instrumental learning, via a network involving the orbitofrontal cortex, amygdala, and ventral striatum (among other areas), leads to the acquisition of neural codes that are associated with specific stimuli and that are able to predict the outcome value of interacting with them (O'Doherty, 2004) . Value prediction codes are thought to forecast outcome magnitude, probability of occurrence, and valence (rewarding vs. punishing) and thus represent the motivational value of stimuli. Importantly, they may rapidly modulate early sensory processes (Kiss, Driver, & Eimer, 2009; Stolarova, Keil, & Moratti, 2006) and thereby influence reflexive visual orienting. Although previous work has shown visual orienting to be enhanced by positive incentives that are associated with target stimuli (Engelmann & Pessoa, 2007; Kiss et al., 2009; Small et al., 2005) , it remains unclear whether value associations can modulate orienting when they and their associated stimuli are irrelevant. It is also unclear whether punishment is as effective as reward in this context. Reward versus punishment learning involves different neural mechanisms (Kahn et al., 2002) and has been found to produce differential benefits when learned stimuli must be selected in an attentional blink task (Raymond & O'Brien, 2009) .
Two areas offer insight into the role of value prediction on orienting: dot-probe studies in drug users and reflexive orienting studies using emotional stimuli. In the former, two images (one motivationally salient and the other neutral) are presented simultaneously. At their offset, a target (dot probe) is presented at the prior location of either the salient or nonsalient image. A faster response time (RT) to probes replacing salient versus neutral images is thought to reflect a voluntary bias of a spatially limited attentional mechanism. Biases have been found for aversively conditioned stimuli (Armony & Dolan, 2002) and for drugrelated (rewarding) stimuli in substance-using samples (Bruce & Jones, 2006) , showing that voluntary attention can be drawn to irrelevant stimuli with positive or negative motivational value (see, e.g., Robinson & Berridge, 1993) . However, such effects may not predict effects on reflexive orienting because attentional biases are not consistently observed when images are only briefly presented (Bradley, Field, Healy, & Mogg, 2008) .
Reflexive visual orienting is generally studied using a spatial orienting task (Posner & Cohen, 1984) in which an irrelevant (nonpredictive) peripheral cue is briefly presented prior to the presentation of a target. The target is presented at either the same location as the cue (cued target) or at a different location (uncued target). Numerous studies have established that the target RT is determined by an interaction between the location of the target (cued vs. uncued) and the interval between the onset of the cue and target (cue-target onset asynchrony, CTOA; Posner, In familiar environments, goal-directed visual behavior is often performed in the presence of objects with strong, but task-irrelevant, reward or punishment associations that are acquired through prior, unrelated experience. In a two-phase experiment, we asked whether such stimuli could affect speeded visual orienting in a classic visual orienting paradigm. First, participants learned to associate faces with monetary gains, losses, or no outcomes. These faces then served as brief, peripheral, uninformative cues in an explicitly unrewarded, unpunished, speeded, target localization task. Cues preceded targets by either 100 or 1,500 msec and appeared at either the same or a different location. Regardless of interval, reward-associated cues slowed responding at cued locations, as compared with equally familiar punishment-associated or no-value cues, and had no effect when targets were presented at uncued locations. This localized effect of reward-associated cues is consistent with adaptive models of inhibition of return and suggests rapid, low-level effects of motivation on visual processing. monitor (85 Hz, 1,280 1,024 pixel resolution) that was viewed from approximately 60 cm.
Stimuli
Twelve grayscale, computer-generated (GenHead 1.2; Genemation Limited, 2002 -2004 , nonexpressive, male faces (3.4º 3.2º) without hair, neck, or teeth visible were used in the learning task (as were used in Raymond & O'Brien, 2009 ) and as cues in the orienting task, with a black, open circle serving as the target (2.6º 2.6º). Alphanumeric stimuli appeared in black 18-point Courier New font. All of the stimuli were presented on a uniform white field.
Design and Procedure
Value learning task. Value learning involved a single block of 600 trials in which six different pairs of faces were presented 100 times each in random order. Figure 1A depicts a typical trial. Participants were instructed to maximize winnings by choosing one face (indicating the left or the right using the "z" or the "m" key, respectively). Immediately after response, feedback was provided. Two face pairs produced only gains; two produced only losses; and two never produced any outcome (serving as controls for familiarity). The running total was incremented (gains) or decremented (losses) by a constant value (5 pence; v) with a probability ( p) of .8, .2, or 0, depending on the face chosen (no outcome was default). Faces with .8 probability of outcome were always paired with a .2 probable-outcome face of the same valence (gain/loss). This yielded two faces each for four nominal expected values (EV, where EV v p) and four faces with no-outcome associations. Thus, stimuli can be referred to by their nominal EVs: .8v, .2v, 0, .2v, and .8v, where EV designates punishment association, EV designates reward association, and EV0 designates a no-outcome association. Each face always appeared with the same mate, but its location across trials was random. The assignment of face exemplars to pair types and probabilities was counterbalanced across participants to prevent image effects.
Spatial orienting. Participants next engaged in the spatial orienting task ( Figure 1B) . A single face cue appeared for 85 msec and then, with a CTOA of 100 or 1,500 msec, the target appeared either just below the location of the previous cue or at the corresponding location in the opposite hemifield (spatial separation was used to reduce masking effects in the short CTOA condition). Participants reported target location (using their index fingers indicating the left or the right, using the "z" or the "m" key, respectively) as quickly and accurately as possible.
Each combination of CTOA (100 msec, 1,500 msec), cue location (left, right), target location (left, right), and cue exemplar (i.e., each face used in the value learning task) was presented equally often in a random order within a single block of 480 trials (preceded by 8 practice trials).
Data Analysis
Learning. Learning was defined as choosing the optimal stimulus (.8v for gain pairs or .2v for loss pairs) on 65% or more of the last 30 trials of the learning phase. If this criterion was met for both gain or both loss pairs, then the RTs obtained in the orienting task using different exemplars but the same nominal EV were averaged. If only one pair was learned to criteria, then only the RTs pertaining to the successfully learned pair were used.
Spatial orienting. RTs were excluded from the analysis if the response (1) was incorrect, (2) was from the first three trials following an incorrect response, (3) occurred too quickly ( 200 msec), or (4) was excessively slow ( 1,200 msec). This accounted for 2% of the data. Response accuracy averaged 98% correct (SD 1.5%). The RT data were further trimmed by calculating individual participant means (for each condition), then by removing outliers greater than 3 SDs above this value. Resultant mean RTs were used in ANOVAs only if the participant demonstrated learning for those faces. Repeated measures ANOVAs using CTOA, cue value properRafal, Choate, & Vaughan, 1985) . With short CTOAs ( 300 msec), RTs are faster for targets presented at cued versus uncued locations-an effect known as facilitation. In contrast, with long CTOAs ( 300 msec), RTs are slower for cued versus uncued targets-an effect called inhibition of return (IOR). Accounts for these effects are varied and range from spatially limited central attention mechanisms (see, e.g., Posner et al., 1985) to locally acting adaptive mechanisms (Dukewich, 2009; Sereno, Lehky, Patel, & Peng, 2010) . Of interest in the present article are studies that used nonpredictive, peripheral, emotional images as cues. Such studies (all using long CTOAs) failed to find any effect of emotional cue content (Lange, Heuer, Reinecke, Becker, & Rinck, 2008; Stoyanova, Pratt, & Anderson, 2007) . Studies reporting emotional cue effects (e.g., Fox, Russo, & Dutton, 2002) used predictive cues (thereby altering cue value, irrespective of emotional content) and primarily reported effects for participants scoring high in trait anxiety. Perhaps previous failures to find effects of emotional cues on reflexive orienting occurred because these nonpredictive, irrelevant cues, although nominally emotional, may have had little or no actual motivational salience for participants.
To more effectively manipulate motivational salience, we conducted a two-phase experiment that began with a simple instrumental conditioning procedure to imbue stimuli with monetary gain (reward) or loss (punishment) associations. These stimuli were then used as brief, peripheral, nonpredictive cues in a spatial orienting task requiring speeded, manual localization responses (without explicit rewards or punishments). A short (100-msec) and a long (1,500-msec) CTOA were used in a mixedblock design. In this task, all of the cues were equally uninformative, all had been exposed an equal number of times in the preceding learning task, and their learned value was equally irrelevant. Any differential effect of the cue's learned value would indicate that visual orienting mechanisms are influenced by value prediction codes that are associated with irrelevant stimuli. A modulation of RT to both cued and uncued targets (in opposite directions) by cue value is predicted if the RT is governed by a spatially limited attention mechanism. However, if cues act to control orienting via local adaptive processes, then the modulation of cued but not of uncued target RT is predicted. Finally, we predicted an effect of reward-but not of punishment-associated cues, on the basis of previous work showing selective sensitivity to reward-(not punishment-) associated stimuli when voluntary attention is diminished (Raymond & O'Brien, 2009 ).
METHOD Participants
Forty experimentally naive adults (21 females; mean age 21 years) who were recruited from Bangor University participated in exchange for course credit and money. All reported normal or corrected-to-normal visual acuity and gave informed consent.
Apparatus
A Pentium-IV computer ran E-Prime 1.1 software (Schneider, Eschman, & Zuccolotto, 2002) to control images on a 51-cm color one pair of each type (mean gain learning 87%, SD 9%; mean loss learning 80%, SD 8%). Gain learning was significantly better than loss learning ( p .05), but the magnitude of this effect was small (7%).
RT: Reward-Associated Cues
An ANOVA of mean RTs for conditions using EV and EV0 cues using CTOA, congruency, and cue EV showed the expected pattern of significant main effects of CTOA and congruency and a significant interaction of these factors (see Table 1 for statistics). As expected, short CTOAs yielded facilitation, and long CTOAs produced IOR. Of relevance was a significant main effect of cue EV and a marginally significant interaction between cue EV and congruency (Table 1) . Although the interaction between cue EV and CTOA (and the triple interaction) was nonsignificant, we plotted the results separately for each CTOA to ease interpretation. Figure 2 shows that cues previously associated with reward slowed the RT for targets at cued locations.
We then reanalyzed the data separately for each congruency condition. The main effect of cue EV was significant only for cued targets [F(2,74) 5.552, p .006, 2 p ties (EV, valence, or predictability), and congruency (cued, uncued) were conducted. Facilitation and IOR were calculated as an uncued RT minus a cued RT. Alpha levels were set at .05.
RESULTS

Learning Phase
Thirty-eight participants demonstrated learning of at least one gain pair (mean learning 87%, SD 9%); a partially different subset of 30 participants showed learning for at least one loss pair (mean learning 80%, SD 8%); and 28 participants demonstrated learning for at least for reward-associated cues, the EV effect for punishmentassociated cues was only marginally significant, and its interactions with congruency and CTOA were nonsignificant. For short and long CTOA conditions, it is obvious that the modest (7-msec) slowing effect of punishmentassociated cues on RT was unaffected by CTOA or congruency. Neither the magnitude of facilitation nor IOR varied with cue EV (both Fs 1).
Comparing Reward and Punishment
Lastly, we analyzed data from the subset of participants who passed the learning criterion for at least one gain and one loss pair, thus allowing a direct comparison of reward-versus punishment-associated cues. For this analysis, unlike for the previous ones, we analyzed orienting effects (facilitation, IOR) and excluded data from the EV0 condition so that the effects of EV valence (gain, loss) and probability (high, low) could be treated as separate, within-subjects variables. Interestingly, the main effect of cue valence [F(1,27) 4.642, p .05, 2 p .147] was significant. Figure 4 shows that orienting effects were more negative with EV cues (M 17.7 msec) than with EV cues (mean 7.7 msec). Furthermore, EV cues (but not EV cues) produced more negative orienting effects than EV0 cues [M 3.2 msec; t(27) 
RT: Punishment-Associated Cues
When RTs for conditions using EV and EV0 cues were analyzed (Figure 3) , the expected significant main effects of CTOA, congruency, and their interaction were observed (Table 2 ). In contrast with the significant EV effect we turn to adaptive models of IOR (Dukewich, 2009; Sereno et al., 2010) . Such models assume that when the cue and the target appear at the same location, response to the target is reduced by an adaptive gain control mechanism (see Figure 5) . Activated by the cue's appearance, gain control is maximally effective shortly after cue onset and diminishes in effect slowly over a lengthy period of time. It acts locally, so it has no effect at uncued locations. Thus, for cued targets and short CTOAs, the gain controller maximally suppresses response. The diminished target response is nevertheless added to the remaining response to the cue, making the summed signal arising at the cued location at, say, 100 msec after target onset greater than that generated at the uncued location in response to the target alone. Thus, overt facilitation effects are seen. When CTOA is long, the target appears after the response to the cue has largely faded. However, the gain controller remains effective, reducing the response to cued targets relative to that of uncued targets (Prime & Ward, 2004) , and IOR effects are observed.
This elegant, physiologically plausible explanation of CTOA effects on visual orienting can neatly explain the present results if we postulate that reward association deepens the initial level of gain control (with all other processes unaffected; Figure 5 ). This suppresses the response to a cued target with short CTOA after a rewardassociated cue more than it does after an EV0 cue. The summed response in the former case 100 msec after target onset would be below that produced at the same time by an uncued target, producing IOR (as seen in the present study). The slow recovery of the gain function explains why IOR effects at the long CTOA are larger with rewardassociated cues than with EV0 cues. Supporting the possibility of a reward-sensitive adaptive gain control mechanism are findings of repetition-suppression-like effects in the lateral intraparietal area (Lehky & Sereno, 2007) , in a dorsal stream region associated with reward prediction task in which these faces served as irrelevant cues. Three important and somewhat surprising results were found. First, RTs obtained in the orienting task were significantly slowed (by 21 msec) by the brief, prior presentation of irrelevant EV cues as compared with equally familiar EV0 cues. The corresponding effect for EV cues was nonsignificant (7 msec) and did not vary by condition. Second, value effects of EV cues were evident only when the target appeared at the cued, not uncued, location. Third, value effects were independent of the cue-target interval. The combined effect of these outcomes was that when an EV cue was presented, slowing instead of facilitation was observed with short CTOAs; with long CTOAs, IOR was significantly enhanced. EV cues had a weak slowing effect, eliminating facilitation with short CTOAs and leaving IOR unaffected when CTOA was long. These findings provide clear evidence that rapid visual orienting mechanisms are sensitive to value prediction codes that are associated with irrelevant stimuli and raise several interesting questions.
First, why were responses to targets slowed, not speeded, after the presentation of EV cues, and, second, why were these value prediction effects localized to cued locations only? According to widely accepted notions that the allocation of attention is spatially limited, attentional bias toward reward-associated cues should have resulted in faster (not slower) responses to EV cued locations and slower responses to EV uncued locations. If an attentional "spotlight" were drawn to the cued location, it should consequently also be slow to arrive at an uncued location. Neither effect was found in the present study, indicating that a spatially limited attention mechanism cannot explain our results. Thus, in contrast with dot-probe studies of voluntary attention using motivationally salient stimuli (e.g., Bradley et al., 2008) , our results cannot be characterized by attentional bias. Nevertheless, our finding that reward-associated cues slow target localization clearly indicates that value prediction codes are able to exert a local effect on visual processing. The failure of previous reflexive orienting studies (Lange et al., 2008; Stoyanova et al., 2007) to find effects of emotional cues (e.g., emotional faces) suggests that the stimuli used were not rewarding and that emotional and motivational stimuli activate different neural mechanisms. Our finding reward-associated slowing for targets appearing at cued locations, with no effect at uncued locations, precludes any possibility that these value prediction effects result from central processes related to response selection, such as partial activation of inappropriate choice responses. If this had occurred, then slowing by EV cues versus EV0 cues should have been found for both cued and uncued targets. Finally, eye movements also cannot explain the results. Although unlikely (stimuli appeared close to fixation; their location and target onset time were unpredictable), eye movements may have occurred for long CTOAs. However, CTOA and EV did not interact, and EV effects at uncued locations were absent, arguing against an eyemovement-based account.
To account for the value prediction effects of irrelevant cues on visual orienting observed in the present study, The RT is assumed to be inversely proportional to the indicated neural signal strength. The dotted horizontal line shows the response to targets presented at the uncued location and is assumed to be unaffected by CTOA and cue value association (as found in the data). Where the arrow points to a value above the dotted line, cuing effects are predicted because the cued response is greater than the uncued response, leading to faster RTs for the former condition. Where it falls below the dotted line, IOR is expected. (Bendiksby & Platt, 2006) , and in the superior colliculus (Dorris, Klein, Everling, & Munoz, 2002) , an area thought to play a central role in the expression of IOR. Although somewhat speculative, local, adaptive models of CTOA effect on visual orienting provide a plausible account of the value prediction effects that are presently reported. Finally, we consider our finding that reward-associated cues were more effective at slowing responses than were punishment-associated cues. This finding is consistent with that of a previous study that used a similar conditioning paradigm and stimuli to show that reward-associated but not punishment-associated stimuli "survive" the attentional blink, indicating that the former receive facilitated processing (Raymond & O'Brien, 2009) . A differential effect of valence is also supported by neurophysiological evidence that different neural mechanisms mediate reward versus punishment value learning (Kahn et al., 2002) . However, a simpler explanation for the effect of valence seen in the present study is that reward learning was modestly (only 7%) better than punishment learning. But, when we reanalyzed the data, excluding poor loss learners and good gain learners (equating learning to 83%), we still found that EV cues significantly slowed responding to cued targets [16 msec; t(17) Armony and Dolan (2002) also reported a null effect of aversively conditioned versus neutral cues in a similar, single-cue experiment using a short CTOA.
By manipulating the motivational value of taskirrelevant spatial cues, we demonstrated a clear value prediction effect of irrelevant stimuli on rapid visual orienting. This effect is best explained by value prediction codes rapidly modulating low-level sensory responses and is inconsistent with notions of attentional bias. Our results show that dynamic visual scene processing may be markedly influenced by the presence of previously rewarding objects and suggest that neural codes for prior experience of reward modulate by low-level sensory areas, thus contributing to visual selection.
